Abstract. With the launch of the Chandra X-Ray Observatory and XMM-Newton, Xray astronomy has entered an era of precision science. The precision observational data taken by these satellites require precision basic physics data for their analysis. The present authors have recently published a series of papers in which they have reported the results of the accurate calculations of the electron-ion thermal bremsstrahlung which are particularly suited for the analysis of the high-temperature galaxy clusters. In this paper we will present accurate analytic fitting formulae for the nonrelativistic electron-electron thermal bremsstrahlung Gaunt factor which will be useful for the analysis of the X-ray observational data taken by the Chandra X-Ray Observatory and XMM-Newton. With the publication of the present paper X-ray astronomers will be provided with an accurate thermal bremsstrahlung Gaunt factor which has an overall accuracy better than 1% for the temperature range 6.0 ≤ log T [K] ≤ 8.5.
Introduction
With the launch of the Chandra X-Ray Observatory and XMM-Newton, X-ray astronomy has entered an era of precision science. In particular, these satellites have revolutionized the accuracy of the observational data of the galaxy clusters Schmidt et al. 2001) . The precision observational data taken by these satellites require precision basic physics data for their analysis.
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The present authors have recently published a series of papers in which they have reported the results of the accurate calculations of the electron-ion thermal bremsstrahlung which are particularly suited for the analysis of the high-temperature galaxy clusters (Nozawa, Itoh, & Kohyama 1998; Itoh et al. 2000; Itoh et al. 2001) . Their calculations are based on the method of Itoh and his collaborators (Itoh, Nakagawa, & Kohyama 1985; Nakagawa, Kohyama, & Itoh 1987; Itoh, Kojo, & Nakagawa 1990; Itoh et al. 1991 Itoh et al. , 1997 . In Itoh et al. (2000) and Itoh et al. (2001) the present authors have presented accurate analytic fitting formulae for the electron-ion thermal bremsstrahlung Gaunt factors which have a general accuracy of about 0.1% for the ranges 1 ≤ Z j ≤ 28, 6.0 ≤ log
, where Z j is the charge of the ion and T is the electron temperature. These electron-ion thermal bremsstrahlung Gaunt factors will be ideally suited for the analysis of the precision X-ray data taken by the Chandra X-Ray Observatory and XMM-Newton.
It has been known for some time that the electron-electron thermal bremsstrahlung makes a percent-order contribution to the total thermal bremsstrahlung at T ∼ 10 8 K (Maxon & Corman 1967; Maxon 1972; Haug 1975; Svensson 1982; Dermer 1986 ). In particular, Haug (1975) has carried out a relativistic calculation of the electron-electron thermal bremsstrahlung and has found that the nonrelativistic electron-electron thermal bremsstrahlung results calculated by Maxon & Corman (1967) and by Maxon (1972) agree with his relativistic results within about 1% accuracy at T ∼ 1.5 × 10 8 K. Since the electron-electron thermal bremsstrahlung is a percent-order contribution compared with the electron-ion thermal bremsstrahlung, the results of the nonrelativistic electronelectron bremsstrahlung will be sufficiently accurate for the analysis of the X-ray observational data for the galaxy clusters.
In this paper we will present accurate analytic fitting formulae for the nonrelativistic electron-electron thermal bremsstrahlung Gaunt factors for the temperature range −4.00 ≤ log θ e ≤ −1.30, where θ e ≡ k B T /mc 2 , m being the electron mass. The present paper is organized as follows. In §2 we will calculate the nonrelativistic electron-electron thermal bremsstrahlung Gaunt factor as a function of the electron temperature T and the photon angular frequency ω, and we will present its accurate analytic fitting formula. In §3 we will integrate this Gaunt factor over the photon frequency and calculate the frequency-integrated Gaunt factor. We will also present its accurate analytic fitting formula. Concluding remarks will be given in §4.
Frequency-Dependent Gaunt Factor
In the field of astrophysics it is customary to express the thermal bremsstrahlung emissivity in terms of the Kramers emissivity ( 
where ω is the angular frequency of the emitted photon, T is the electron temperature (in kelvins), n e is the number density of the electrons (in cm −3 ), and n j is the number density of the ions with the charge Z j (in cm −3 ). Maxon & Corman (1967) and Maxon (1972) have presented the results of the calculation of the nonrelativistic electron-electron thermal bremsstrahlung. Haug (1975) has confirmed that their nonrelativistic results agree with the results of the relativistic calculation within about 1% accuracy at T ∼ 1.5 × 10 8 K.
Since the electron-electron thermal bremsstrahlung makes a percent-order contribution to the total thermal bremsstrahlung at T ∼ 10 8 K, the nonrelativistic results of the electron-electron thermal bremsstrahlung will be sufficiently accurate for the analysis of the X-ray observational data of the galaxy clusters.
Rewriting the results of Maxon & Corman (1967) and Maxon (1972) , we define the electron-electron thermal bremsstrahlung emissivity by
A(u, y) = e −u/y y 3 17 − 3y
In deriving equation (7), Maxon & Corman (1967) We give an analytic fitting formula for J(θ e , u) as follows. The range of the fitting is −4.00 ≤ log θ e ≤ −1.30, −4.00 ≤ log u ≤ 1.00. We express the fitting formula by
Θ e ≡ 1 1.35 ( log θ e + 2.65 ) ,
U ≡ 1 2.50 ( log u + 1.50 ) .
The coefficients a i k are presented in Table 1 . The accuracy of the fitting is generally better than 0.1%.
Frequency Integrated Gaunt Factor
In this section we will integrate the frequency-dependent electron-electron thermal bremsstrahlung emissivity over the whole frequency range. Thus we obtain We present the results of the calculation of J(θ e ) in Figure 3 .
We give an analytic fitting formula for J(θ e ) as follows. The range of the fitting is −4.00 ≤ log θ e ≤ −1.30. We express the fitting formula by
Θ e ≡ 1 1. 35 ( log θ e + 2.65 ) .
The coefficients b i are presented in Table 2 . The accuracy of the fitting is generally better than 0.1%.
Concluding Remarks
We have calculated the nonrelativistic electron-electron thermal bremsstrahlung Gaunt factors and have presented their accurate analytic fitting formulae. The analytic fitting formulae generally have accuracy better than 0.1%.
By combining the present electron-electron thermal bremsstrahlung Gaunt factors with the accurate electron-ion thermal bremsstrahlung Gaunt factors which the present authors have calculated in their recent papers, X-ray astronomers will be provided with the precision thermal bremsstrahlung Gaunt factors with the general accuracy better than 1% for the temperature range 6.0 ≤ log T [K] ≤ 8.5. These precision thermal bremsstrahlung Gaunt factors will be extremely useful for the analysis of the precision observational data taken by the Chandra X-Ray Observatory and XMM-Newton, the X-ray data of high-temperature galaxy clusters in particular.
